Introduction
Soil is a natural medium for plant growth and agriculture is the foundation stone of Indian economy. The urgency to increase crop production in the country has intensified the interest of soil scientists, agronomists and plant breeders in getting the better yield of crops. Since the land is limited and cannot be further increased, any technique which may result in maximum production per unit area per unit time is most welcome during the present days. Alkali soils occur most commonly, but not exclusively under arid
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The abiotic stresses, such as soil salinity and sodicity are mainly accountable for the low productivity of crops largely due to low availability of micro-nutrients especially zinc and iron. For that reason, sensible management of plant nutrients in these soils is as vital as their reclamation. A field experiment was conducted for 4 successive years, consisting of eight treatments laid out in randomized block design to evaluate the soil fertility status after harvest of wheat (Triticum aestivum L) in salt affected soils of Gujarat as influenced by iron and zinc enriched FYM. The results reveal that application of recommended dose of fertilizer (120-60-00 NPK kg ha -1 ) on the basis of STV + 0.5 t FYM ha -1 enriched with 0.75 kg Zn and 1.5 kg Fe recorded significantly higher the grain and straw yields of wheat over control. Application of recommended dose of fertilizer (120-60-00 NPK kg ha -1 ) on the basis of STV+1.0 t FYM ha -1 resulted in significantly higher organic carbon, available P 2 O 5 and K 2 O contents in soil after harvest of wheat crop over rest of the treatments. The DTPA-extractable Fe content in soil was significantly higher with treatment T 1 + 1.5 kg Zn ha -1 + 3.0 kg Fe ha -1 over control. The maximum DTPA-extractable Zn content was observed in the treatment which received recommended dose of fertilizer (120-60-00 NPK kg ha -1 ) on the basis of STV along with 1.5 kg Zn ha -1 + 3.0 kg Fe ha -1 . Hence, the results reveal that application of FYM has a remedial effect on soil fertility along with decreasing soil salinity.
climates. This is either due to presence of an excess of sodium salt or predominance of sodium among the exchangeable bases, in some cases potassium salt may be present in appreciable amount but it is of unusual occurrence. Saline and alkali soils in India occur in arid and semi-arid regions. These soils are found in U.P., Gujarat, Punjab, Haryana and Rajasthan. In India, about 6.73 M. ha are lying barren or produce very low and uneconomical yields of various crops due to excessive accumulation of salts (Sharma et al., 2004) .
Salinity is one of the most crucial abiotic stresses, which inhibits crop production in arid and semi-arid areas, as those contain adequate salt in the root zone to alter the growth of crops. Besides, low precipitation is inadequate for leaching these salts below root zone levels (Zhao et al., 2007) . Excessive soluble salts in the root zone inhibit plant roots from withdrawing water from neighbouring soil, practically reducing the plant available water (Bauder et al., 2001) . As a result, soil salinity has capability to alter plant growth through higher concentrations of toxic ions present in the soil (Dikilitas and Karakas, 2012) . Specific ion toxicities are caused by the accumulation of sodium, chloride and boron in the tissue of transpiring leaves to damaging levels. Accrual of harmful ions might hinder photosynthesis and protein synthesis; inactivate enzymes, and injure chloroplasts and other organelles (Taiz and Zeiger, 2002) . These effects are more critical in older leaves, as they have been transpiring the longest, so they accrue more ions (Munns, 2002) . The most influencing ions of saline soils are Na + and Cl -which affect the cell membrane by interaction, competition and selectable ion penetration and disorder on the absorption of macro and micro elements (Francisco et al., 2002) . Salts damage cells of plants and inhibit their growth. The damage is because of different types of oxygen activation radicals that are toxic and activators for their cells (Jiang and Zhang, 2001) . The distribution of plants, their survival and productivity are distinctly influenced by salinity (Ashraf and Harris, 2004) .
These soils pose a serious problem for crop production because of their peculiar inhospitable characteristics for the plant growth. Alkali soils contain sufficient quantity of exchangeable sodium which causes the dispersion of clay and organic matter and affects physical properties, drainage, aeration and microbial activity and results in close packing of the soil particles which reduces the size and the amount of pore space and as a consequence water and air do not move through the soil readily. Modern population density makes it imperative to use salt affected soils through appropriate management and to avoid further salt damage to land. The high exchangeable sodium percentage (ESP) leads to breakdown of soil structure due to swelling and dispersion of clay particles, formation of hard crust on the soil surface which acts as a barrier for penetration of water and seedling emergence. Increase in soil pH reduces availability of plant nutrients like nitrogen, phosphorus, zinc, iron etc. Thus, the plant suffers from poor physical conditions, reduced nutrient availability and toxicity of certain ions.
Several organic amendment have been tried in reclamation experiments, either alone or in combination with inorganic amendments, like green manuring, FYM, rice husk, paddy straw, weeds, saw dust etc. On microbial decomposition of organic material, CO 2 gas is released. The CO 2 in contact with water forms carbonic acid which reacts with native CaCO 3 of soil to bring calcium in solution. The increased partial pressure of CO 2 and organic acid produced due to addition of organic materials mobilize Ca from soil minerals. The calcium so brought in solution under the influence of microbial decomposition from organic material releases Na + from exchange complex to reduce pH, SAR and ESP of soil (Somani et al., 1990) . The high ESP of soil increases the pH which decreases the availability of micronutrient like iron, copper, manganese and zinc to plants. It is established that sodicity in soil affects the growth, yield and nutrient uptake of barley to large extent (Lal and Lal, 1980) . The significance of organic matter has been proven through its effect on improving the physical conditions of soils for crop growth besides its role as fertilizers. Various organic amendments such as manure and compost have been investigated for their effectiveness of reclamation of saline sodic soils (Diez and Krauss 1997) . Addition of organic amendments to soil, decrease the bulk density while increase the CEC and the water holding capacity which have diluting effect on alkali soil. Organic matter counteracts the process of sodium accumulation into the soils (Gupta et al., 1984a) . The application of farmyard manure also tends to promote aggregation and helps in maintaining good physical condition of soil. Applied organic matter had a preference for divalent cations than the naturally present organic matter in soils (Poonia et al., 1980) . However, Gupta et al., (1984b) cautioned against the use of organic manure in the soils undergoing sodication process because of irrigation with alkali waters. Any alkalinity build up in the presence of humic substances sharply enhanced the clay dispersion (Gupta et al., 1984b) . Organic manures play a vital role in improving availability of zinc by direct contribution as well as indirectly by influencing chemical transformation reaction and microbial activity (Rathod et al., 2012) . DeRemer and Smith (1964) showed that the decrease in plant-available soil Zn during decomposition of organic matter paralleled the decreases in the amounts of both water soluble and exchangeable soil Zn. Organic matter and soil microbial activity are typically concentrated in the top few centimetres of soil (Murphy et al., 1998) changes in chemistry near the surface (such as increased salinity) could greatly affect soil microbial activity. Therefore, the judicious Zn and Fe management of plant nutrients in salt affected soils can enhance the food grain production potential of degraded soils. Keeping in view the above facts this study was initiated to assess soil fertility status after harvest of wheat (Triticum aestivum L) in salt affected soils of Gujarat as influenced by iron and zinc enriched FYM.
Materials and Methods
A field experiment was conducted from 2014-15 to 2015-16, 2016-17 and 2017-18 The soil of the experimental field was loamy sand in texture, alkaline in reaction and soluble salt content under unsafe limit. It was low in organic carbon, medium in available P 2 O 5 and medium to high available K 2 O and DTPA extrable Zn and low status of DTPA extrable Fe (Table 2 ). After harvest of the crop, soil samples (post harvest soil samples) were collected and air dried in laboratory. The air dried soil samples were pounded with wooden mortar and pestle. After pounding, the samples were sieved through a 2 mm sieve and preserved in polythene bags for its chemical analysis. The procedures followed for the estimation of various parameters are given in Table 1 . The data of seed and straw yield recorded from net plot and converted on hectare basis. The collected data for various parameters were statistically analyzed using Fishers' analysis of variance (ANOVA) technique and the treatments were compared at 5% level of significance.
Results and Discussion
Grain and straw yield
The vital effect of experimental variable was reflected in the final yield of wheat crop. The consequences obtainable in Table 3 make known that application of suggested quantity of fertilizer (120-60-00 NPK kg ha -1 ) on the basis of STV + 0.5 t FYM ha -1 enriched with 0.75 kg Zn and 1.5 kg Fe (T 8 ) recorded significantly higher grain (4790 kg ha -1 ) and straw (7833 kg ha -1 ) yields of wheat over T 1 (Recommended dose of fertilizer on the basis of STV only) on pooled basis. But, it was at par with T 5 on pooled basis in case of grain (4682 kg ha -1 ) and straw (7447 kg ha -1 ) yield. Cakmak et al., (2008) reported that there is increasing evidence showing that foliar or combined soil foliar application of Zn fertilizers under field conditions are highly effective and very practical way to maximize uptake and accumulation of Zn in whole wheat grain, raising concentration up to 60 mg Zn kg -1 . Increase in yield was due to improved availability of iron and zinc which could be attributed to the formation of stable organometalic complexes with organic matter, especially during the enrichment process to last for a longer time and release the nutrients slowly in the soil system in such a way that the nutrients are protected from fixation and made available to the plant root system throughout the crop growth (Meena et al., 2006) . This could be due to the favorite effect of adding FYM as a good source of plant nutrients. Furthermore, FYM acts as a natural soil conditioner which improved soil properties and consequently soil productivity. These results are in accordance with those obtained by More (1994) .
Available nutrient status after the harvest of wheat
The data presented in Table 6 , 7 and 8 indicates that application of recommended dose of fertilizer (120-60-00 NPK kg ha -1 ) on the basis of STV + 1.0 t FYM ha -1 (T 2 ) resulted in significantly higher organic carbon, available P 2 O 5 and K 2 O contents in soil after harvest of wheat crop over rest of the treatments in all the individuals years. But in year 2016-17, organic carbon content in the soil after harvest under T 2 was at par with treatments T 3 , T 6 , T 7 and T 8 . While, soil pH was not affected by different treatments (Table 4) , whereas EC of the soil after harvest of wheat crop in 2014-15 decreased significantly by T6, T 7 T 8 treatments over T 1 , T 3 T 4 and T 5 treatments, which did not receive FYM (Table 5) . Hence, the results reveal that application of FYM has a remedial effect on soil fertility along with decreasing soil salinity ( Table 5 ).
The use of iron and zinc enriched FYM for increasing the fertility status of soil and improving problematic salt affected soils have been in practice since long back. The iron and zinc enriched FYM in addition to its ameliorative effect is a storehouse of almost all the nutrients required for plant growth and improved soil environment via improvement in physio-chemical properties of soil. During decomposition of FYM, a series of complex reactions took place which resulted in production of acids and organic ligands of stable nature. The availability of most of the plant nutrients increased owing to reduction in pH. This may also be due to the improvement in cation exchange capacity of soil and chelating effect. Thus, on addition of iron and zinc enriched FYM, the available nutrient status of soil increased considerably due to mineralization of native as well as applied nutrients through fertilizers in addition to its own nutrients content, as a matter of fact, all the available nutrients were not taken up by the crop and the rest remained in soil which improved available nutrient content of post harvest soil. The favorable conditions for microbial as well as chemical activities were due to the addition of FYM augmented mineralization of nutrients and ultimately the available nutrient status of the soil.
The significant increase in organic carbon content of soil due to application of iron and zinc enriched FYM may be attributed to mineralization of N by FYM in soil (Yaduvanshi, 2001) . The increase in available P 2 O 5 content of soil might be due to greater mobilization of native P by vigorous root proliferation and contribution through biomass. The buildup of available soil K 2 O under FYM application was the result of additional K supplied through it, the solubilizing action of certain organic acids produced during decomposition and its greater capacity to hold K in the available form (Yaduvanshi, 2001) . The increase in available N, P and K content of soil with the application of FYM has also been reported by More (1994) , Chauhan (2001) , Kumar et al., (2001) , Mann et al., (2006) , Yadav and Chippa (2007) and Singh et al., (2011) .
DTPA-extractable micronutrients
The soil samples collected after harvest of wheat crop were analyzed for DTPAextractable micronutrients viz., Fe and Zn content in soil (Table 9 and Table 10 indicates that different treatments of Zn application resulted in significant increase in DTPA-extractable Zn content in soil after harvest. The maximum DTPA-extractable Zn content (1.13, 1.50, 1.22 and 1.05 mg kg -1 soil) was observed in the treatment which received recommended dose of fertilizer (120-60-00 NPK kg ha -1 ) on the basis of STV along with 1.5 kg Zn ha -1 + 3.0 kg Fe ha -1 in all the individual years. (Swarup, 1989) and (ii) as a result o application of organic manure which might have resulted in formation of stable complexes with organic ligands, decreased the susceptibility of Fe to adsorption, fixation or precipitation reactions in soil and thus enhanced the availability (Swarup and Yaduvanshi, 2004) . The application of iron and zinc enriched FYM significantly increased the DTPA-Zn might be attributed to (i) conversion of higher oxides of Zn to Zn ++ as a result of intensified microbial and chemical reduction (ii) as a result of application of organic manure which might have resulted in formation of stable complexes with organic ligands, decreased the susceptibility of Zn to adsorption, fixation or precipitation reactions in soil and thus enhanced the availability. Arguments on similar lines were given by Mohanty and Rajarajan (2002) .
